SECTION III

DESCRIPTION OF THE URBANIZED AREAS

This section presents a summary and analysis of data on the following
characteristics of urban areas:

] population, land area and location; and
™ population density and land use distribution.

These categories are discussed below.

URBAN AREAS

Urban areas in this study have been taken as the 248 urbanized areas
defined by the Bureau of the Census of the US Department of Commerce
in the 1970 census and other urban areas. The 248 urbanized areas
defined in 1970 are generally characterized as having:1

o a central city or urban core of 50,000 or
more inhabitants;

closely inhabited surroundings, consisting

of incorporated places of 100 housing units
or more; and small unincorporated parcels
with population densities of 1,000 inhabi-
tants per square mile or more (386 per square
km) s and

other small unincorporated areas that may
eliminate enclaves, square up the geometry
of the urbanized area or provide a linkage
te other enumeration districts fulfilling
the overall criteria within 1 1/2 miles
2.4 km) of the main body of the urbanized
area.

The distribution of urbanized areas across the United States is shown
in Figure III-1, 1970 Urbanized Areas and Five Regions.

The choice of a sample of 50 urbanized areas was based upon a
representative distribution reflecting variations in climate and geo-
graphy. This sample of 20 percent of all urbanized areas was selected
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for further analysis. The 50 selected urbanized areas are listed in
Table III-1, Demographic Characteristics of the Urban Areas, along

with the remaining urbanized areas and the residual urban areas not
located within urbanized areas. These 50 urbanized areas are denoted
under column 7, "CODE" with a C. All other cities are coded "E". The
population distribution of the sample. of urbanized areas was as follows:

Population Number of
Range Urbanized Areas
50,000 < Population < 100,000 7
100,000 < Population < 250,000 12
250,000 < Popylation < 500,000 11
500,000 < Population j_l,OQp,OOO 7
1,000,000 < Population 13

A sub-sample of the five cities selected for more intensive analysis
(San Francisco, Denver, Minneapolis, Atlanta, and Washington, DC) is
shown in Figure III-1 along with the five regions into which the
country was partitioned.

POPULATION, LAND AREA, AND LOCATION

The 1970 census population and land area for each of the 248 urbanized
areas were obtained from the County and City Data Book, 1972.1 1In
addition, the total urban population for each state was obtained from
the same source. If an urbanized area encompassed more than one state,
its area and population were apportioned to the states based on the
population of the major cities constituting the urbanized area. The
results, presented by state and EPA region, are shown in Table III-1.

POPULATION DENSITY AND LAND USE DISTRIBUTION

The overall population density for an urbanized area may be obtained
using the data in Table III-1. In general, population densities have
decreased during the past generation reflecting the availability of
improved transportation systems, the desire of individual home owner-
ship, etc. No detailed data on urban land use for all of the urbanized
areas in the US could be found.

For nine urbanized areas in Ontario, the area occupied by each of the
following five types of land uses was determined: residential,
institutional, industrial, commercial, and open space.? Land use maps,
if available, were used. Aerial photographs were employed if land use

40



D s S . G e S S ——— o — — ———t—— 0. t—

-2} L [} [ [
d O Wi Ok b iwaiuity O f OW LW W L s 1 Ow
Wi C [ [ ] [
[+ 4 [} ] [ | [ ] ]
W o e e - — e - - —— ————— —— e e o oo o s . - ——— ————— —————
O IMICINONCOMNO O O 100N N IJACNOCNNAOITD © T I
Z QQ IMCOU «NCO-C v +« IO - IAMCOrhCAMIe O I&CM M
T B * e 000000 e¢ae ol ¢ o o e ® s 0 s 0000080 ol s s o .
M QLI I R AN 0O TILEOCMMIT D § UMD o
>1 § ] ]
= - 2 [ | ] L
L' a ¥ o 606606 ¢4 e oooa oy 6 o o ¢J & € 0 60 0 6600 o0 o ¢ ¢ o 3
x MO N e W UNP~—  IF $UNOW M~ ENGOCCMIMIBT M LNt
- QAC - OOOMICOTO T ILOM CINIMPACAMO—TU = O L -
oty T Mttt ML Y N O Qoo NS 0O § LAV J
L T ni N < ¢
[ e ] [ ] ] ]
o [ ] ] ] $
"N — [ ] ] 13
L o o s e e e e ———— - ———— i —— ——— . — — — o~ —
i DF ¢ ¢ &8 0 ¢ 008 24" Vo’ eF e et T et e [ 2 N ) .
- CL WIrINaAarran O §1ICL M inIaodcnang~— QiIvraa i
O O 10 CIMCICIOCITMMS D TN g CINCIMNN I CICHNLNO O BOICI~ £y
~ oLl s - N - c -
X watl ] [ ] [
[ . | ] ] [ ]
B e e e e e e e e e
[ ] [] [ ]
g [} ] [ ] [ ]
[+4 [ ] i [ ] ]
< «a ] o ’ o ] o [ ] .
I w [ ] - b < [ ] <t [ ] <
O [ ] w i w L [TE TS | [T T
. ¢ 1] ax @ a + 1 a a »+
o [} < <ai < ai < ait << =
- [ ] | ol ] -1 [ o ] [od
r w [} z Z ¢ Z o o o Z2 wvm = w
a ~ - [oad -t [} - [} o [+ ¥ aJuamn | fa «a
- x a2z >m|m s @ x4 wo Caduoxn ofw o« X
xr 2 1C O riu O OIZO0C CI1 Z>0CW Lw—wie O &= C
S «a 1A J>AZm>YXTIT W 1ICZD wi CHO0 OHu -2 L1 S w
QO @ o owo «. JC.a [ Lo IZ2r-raZ Juwh Co il
¥ 1ICH-JuoOnIauore LI i 30X TWoiemnZwax JiX>a 4
w = (ol AF o ] 3Lk @il <« U OR - OU <@ LI
[a) I ZaxxrIIxar-I 1Y 1IN0 UI-II-aX - 2Z0Y -
oo gaalbuCrar- CILCH CICO<9—aC U0 CH+ C taak- C
— IRDOIXEZ2ZN0IT 1400 ik S IZ000IC - 1IZC »
| o o s o — — — — ———— —— ——————— o——— —
Hoow 4 [ ] [
n O - - - R Widadddaaddaea<d < $IXY I
“I"ccccccccccc OUIXIY I IXIIIIIINYII S 1222 =2
] [ ] ¢
W o s L} [ ] [ ]
s e . . e e s e e e e = ¢t s e e . . e T —— — — ——
M A Portvivivrvtoivioiwtwiot wt §otwodot ot B eteoteteiviar ot wtwt wrtet ot et vt
< Ot 1] 14 [ ]
- ixs L4 ] ]

[ 4 [} ] [ 4 1 3
10 [ X'V ] § Lottty § Ol e [} [
[} L} (] 1] 13 § [ ]
[} ] [ ] ] L} L} L
100 CII JINIMUTIOO — L MABAMNMNIRAN N BRI T
ICC Cle N E-NMIUNM MICOONT—MC Lo R To |
) s o o af o) o ¢ ¢ 2 ok o s 06 s ¢ 6o of e}
LW W I J I IMNILCO— 2 DU OOMD a<itos
| [ ] [ [ ] § x - o) ]
] ] [ ] ] » [ ] L}
F ¢eo " of o " el e ¢ 06 o el &€ ¢ 06 00 00 o} o4
ANt O EM MICIIONIIT IO 00 ~O0O0 wiIiMmi
oM AIT I INIMTCCEN M IECTCH T v 0 )
i~ Pt PO e ONIN M I ONOMesws C IO |
[ ] ] 10t L N | -< (AR "ot L |
] [ s [ [} - -—ing
[ ] [ ] [ ] [ ] s ] [}
] ] ] [ ] ] L} [ ]
P e’ oaF ¢ ¢oP s ¢80 00 LI G K BN BN BN BN AN BV SR Y ArY
I N LI IMC AT O IRMEMMead C 1O §
(1" VI MIC ITOMIN N~ IOCMMNIC 0T~ MO ]
[ X ad -8 1coe = -\ - G Iing
[ ] [ ] [ L4V R ) -8 | X,VH
] ] ] ] ] | BN
] s [} ¢ . § 4 [
] ’ it~ O L] [ 4N |
] [] s I oC ] [ ] [ ]
| R 2 | ] 1 A ) o 1] §
t <« ] 1< 0 Lk ] - 121t
| JE TC Ve | wicer Tw w s Ww wiCci
t O 1 Lol Lol § X | ol ] & =i
§ <« ai < 0S 1> D> - ¢ > < g K28
[ ] -1 (IR RTUN ] o8 | o ] | o .8
I 2 DI I e By Z e Z Wi
ua la [ ] tovXx I C o - ] .
10OC X i oxate & a e x €« xiax
tZ2¢ O CI1CIuYd © O) 0 Yww & Q1O
WD LWiid Ll =-aWzZZ unil IO+ — Wikt
i ] [} [ 1ag® alml ¢ 1> SC D 8 [ ]
I 82 8 082><ab- I IZ2Ta>Woax 18 0t
124 «ald al«ala 24 «<wtaCu JI<allh <ial
ICT = 1@ - 1 02 ~ 1D ZWITOXHT =8
tar- T 0 CHIC - LIO— C I -TuC>r0 CIC §
100 F 3D - I 3420 +> - laOOZOXNOII0 + 0§
[} [ ] ’ [ [ [ ] J
Bt B0~ & 1= S 832> >>>> > § »
txa o> > 1222222 2 V22222222 Z0 [
[ [ [ ' ’ 13 ]
[ ] L} 1 ] [} [} [ ]
"""""""""""""""""""""""""""" ———
wtet et B e By FOURNINIAUING AU UGN N B0V B
-8

L}

41



TABLE 1III-1 DFMNGRAPHIC F“ADAPTFPYSTIP9 NF THF 1IRRAN ARFAS

! ' ]
|EPAISTATE | ""RBANIZENP ARFA I 160n |1°7n nrpl PP | {
:RFGI " : ‘.ACRVSI tnoe - :AVF eRICADF
-mw ----- bt L X L L T 1R N L I T Ry --.---i----]
1773 leh“INCTﬂN T 3710 5,271 € |
T nr IDTHFR LIRRAN APFAS | 5.1 24, §.271 |
] | ] L . } ]
{ 3: DE lTﬁTAL FNR STATF : 75.1 3°S.: 5.271 ]
mon | conne|lovvnavoerene cComvTeore. -----.l--------‘ --v-.-l----’
|31 e INASRINGTON, ~oC. I 39, 757,01 19,261 ¢ |

f ol ] | i
: 3: ne ;THTAL FOR STATF I 3e, ) 757.: 19,261 !
cow | conwae hdudetetdedatadele e el el L L I R e ’---.----_ cesvconlcown|
I 31 MD {BALTIMARE 119 T TYsR0 T "7 Iee TR
31 MR IWASHINGTON NE MFTRO | 77! 873,41 6,161 F |
o3 MD anYHrn URRAN ARFAS [T o J Bl 982, T.4&1 i
! | | i N 1 |
I SV VT o} irﬂYAL FOR STATF 1 407 065,10 7,46 }
|onw | canwe ] bdututdedndedadal Aol LT TR T Y APy R l---.-—-- l comeome | weaw|
|31 BT AL LENT AN BN 3641 5741 F |
I 31 PA tALTNONA ] Zal ﬂa.l 6,411 F |
I 31 PA IERIF | 2R 575.1 ~fo231 E |}
I 31 pa 'uannésaunn -1 4ol u. B3 F o
I X1 PA 1 JORNSTOWN ! 18,1 9¢.1 5,31 E |
i 3! PA ILANFASTER ! 25,1 117,11 4,691 E |

31 PA IPHILADELPHIA I 450, 3819, A, 491 E |
31 PA IPYTFSRUNGNH I 384 1 1RU6 ! 4, AUl F |
31 PA [RFANING f 261 16B 1 k6,001 E
31 PA ISPRANTON | 6741 end .l 3,251 F
31 PA WY KFSeRARRF | 57 o 223,01 4,201 E |
3! PA 1YMARw ] hy 123,1 5,191 E |
31 PA INTHFR JRRAN ARFAS P 1684, °75.: 6.?4; ;
] - { o .
! 31! PA ITNATAL FOR STATF 11350, na;}.: he24! :
mee cemwme | vl datadeddedadad DL L T T T TR IR A iy g coesean  ocoene
I 31 vA | YNFHRERG i Q4.1 7iel 3,000 F |
R VA IMFWPARY NFwS [ 92 .1 2AE LT 2,931 E |
I %1 VA INARFOLK I 191 1 6hE I 3 U8 F
| 3 VA IPFTFRSRBRIIRN | 27 ol 161, 3.761 E |
I It vA (RY OND ] 97t dsE, 1 4 481 €
I 31 vA {RAANDKE ! 42 18741 3,721 F |
' 31 VA IWASHINGTON AC METRN | 1004 1251, 12,451 E |
I 31  vA IOTHFR (IRBAN ARFAS ] n.t 1.1 5,151 !
] ! i | o . ! ]
' 31 vA 1TATAL FNR STATF : fe0, 1 ?933.' 5.15: ;
l---(--.--lu'-----------.------. esvsow [ Comamn e | cww o -waoe
b 31 WV ICHARLESTON - ] 4n 1 158,01 3,981 ¢ i
31 wV IHUNTYINGTAN Ton : f;.: 12%.: g.;z: E ;
] I WV ISTEURENVILLF MF . e 2 o
1 ;l WV uqu B? it i {a_) Q3.1 85,191 E |
. SRV :nrurn URBAN ARFAS ! eu.: ZAB.g 4.?1; :
] ! ] .
31 WV ITNTAL FOR STATF : 162.: 680.: 4.21: :
,---'-.--- -'-----.-------..--- - e - un g W ey TR gy L X X X X N - gy W
t 3 ITATAL FOR RFGINM 3 : 2?9n.: 14203, I b 2u: g
'.--'-.-.-'--.-------.--------- - w -------- L X X N X ¥ - -

42



!
i -

o W B § ’ [} L] ] (] ] [ ] [
<t £ g ouilbiag 1 O Qs st [ RS [SIVE{T T TY] | FORLS TP Y] [JTEL S i ottt I Lut | JIUBII & L] 8
Wi [ } ] [ ] [] [] (] [ [ ] ] ?
[ X (S | ~ [ [] H g [] ] [ ] ] [}
Q- e e e s e G M o e < - — T T o o i o T A i T e H e e . e S e s o . o —— o T S . i G S e S S s o ST S St S S e T
C EWMNOLINT T IMNO D INTOC w0 O 1T @NON M~ FMINOOT I NN i~ 1 OMMNOANMOo w1 § OE0 O FONC M w2 308
2 00 fLOXIACO G INEMMLOXTINM A ILACCOCO O MR I 0~ (P 10 0IAE M= MIn 1D §-O0CIW W oo N -3
@« C i o2 ¢ e 000 of © e 6. 03 062 0 ¢ 0 & of ¢ 0 00 6 0 ¢ ef & o 060 s o8 ¢ o e 9§ s 6 & ¢ ¢ w0 s o *8 03 e 68 s o 0 e o8 of
o pw_ S ot UIPNN A E I RIIINDT - IMIIMMMEIIN o § NCINEWE S IUSI 0 LA T ol gl Al AV ol tal Al AT ] “31.31. [l “?35’_3. L4 “3 ”
& [ ] ] . | ] ?
= - § ] ] ] [ ] ] 9 L ] [ ]
w o Fesdecdo " ey 06006006000 sP cd e rtoes of 8368¢c of 660 0§ 6000600 cco 0l 600c oFo6sto ol sj
L 0O ISW0a0 LY —I1ICCONMNIAOTT INIOMNICLIC © INCTMG I~ 8 OO P B OO UT NN B § OG- # SIJIOIT®Mwe ™~ N1
F OC HAOIEMAY o e LMACDO R LAM L IMATCALL € ETILCMUEE G A0 @ IRCCCINO INAT~ X IAINC MINCLIL © 80
SN ot I~ D L0 NAUMeT MMM DL et I vt 8 D H it O 8 Aottt ot O A BN O § N OI P~ M [ Ll ]
W oT B ns - - Wil - (A9 | - 8 ] o &P - § 0N e 8
Q P g ] § [} ] § t 1 bt §
o 3 [ ] ] [ ] ] [ [ ] §
w et 3 ] § ] ] ] ] ] ] ]
) - . s G e G 4 e - - = - ——— . — ——— —— i —— A T e T e " A A . S e - - ———— ——_ — — = o o S o o e o o
[ 2 F ¢ 0 0 2 0 & ¢ ® ofF 68¢ 30830 EA e sf G b e [N AR I I IR AN AR ISR SRR N AN B Y AN DY BN DN RGN N I BN AP RN N B 2N 3 BFSCENY N 1
PCL IO aMIE MECOEOIAMCAINE F led PAM-0 M IMLICT T L0 L ITFATLROMIOCAL « IMLKT I IOINCCM @ 80 §
T OX IIMNOCMOIN 0 IMACIODTORNDL = M~ ICISMOMTot O FofUN ] O IIIO I~ REIOFISIMMT—TO N EOTI O T EMNCICIT oo 833 8
— LS Fom - LAV - X - LA AV B oV [AVIEY ¥ | e e M - 3§ m <38 - g —Uay 7“9;-
@ ek § ] - ] ] ] L] [] =8
i [} ] ] ] [ ] ] ] ] L} L]
[ o i e o e i e o e e e e s e e 4 s G e e e e e o it T T o e e . . . 7. S i A T i o S . o . HE A Sk i e e . b e . s . . P S 40 o S e
(8] L] ] ] ¥ ] ] [] [ | I )
- ] [ ] ] ] [] [] [ ] [ ] g3 e
o ] ] ’ ] [] [] [ ] [] & .8
o o $ o 3 w 1] (7] ] o 8 2] ] o ] L] ] o ] -]
I b # - [ ] - ] - (X <2 ] - ) - [ ] ] ] - [ 4 ]
[ S« 4 ] [T VO X L@ L Wit [ THR VA | W oW w owk w Wi W WsC s
- ] a =i o -8 o > - a =& a + 38 a w18 o 8 @ B 2
(8] s < Bl [ g <l < P <« 3§ < ) JFa <=} <« = < | §F @
=~ O .8 =t W o (' Lol ] - 03 | o] - & i TS Bl >t = 8 b
I uw 1 2Z O iguid St o2 ot Z !y Z W Z o p] —AZ o8 Zz Hia Z e
a N iIF W >awa | et € s - § -t 02 W - [} - ] ~C =z 12 w-a [ XY < & 8
4 e ) O X O Y I ok a xICZzuoaow o1 © & W O GO 1o U o I0M WD & B §
& 2Z §X J WO Cau> S S oI Crr-Oast O & Chldb >C2 I O$p-alde CI00 Jx O30
© a4 G2 IOD L IO>Z COwma <9 LWl 9494 92 W IGHCD Wi 2D Wi WESTOZS W imesS W82 002> W i b
C © Zw>wc. i2nC OLFI O > 2 e2ZO>L [ L™ §CIT - 0220 0 e > § < o0t [ 2 ]
E & 0002 tiduieZdudd X SIZZONIZZO0 LIHZOOK JIXOE 1> _Jd-Z0sred— I8 JT 2 Ji->X>® S840
W T iSOEstOL 9l YT E00 0L <@ i TCalh w -2 wiCNL <« ILOTULTLIOL < IC Ll o x0T - Rt}
o EXOZLEZNL -8 WO IZ 0 JZTNT - IO IS IOST - EZXIMUT - § 10X - ITa0>WO I JZY b+ Ead_lE - 3<OF AT - - §
tra CCZ)h Cltadmibt<aint CI_r-_-Caatr CIZLE2r Cirdr CIrI-ar-arrmi CILICOS CITZLwb COC 0
4. PBLOITIIFC HILODICANHFE0 - IdedQINC 1T 2.0CC = oS0 - 1qUOLOTIXIIC + BOUCOD - IUXIZO - 608
Ho w0 ] 8 [ 2 [ ] [} [ ] gE @
H Lol 3% JS P 00 N N A A bttt bkl Sl A AT T B> > FOCCT @ CLLLVOLLCLLLL LLLLUL QIZZLIZZ2 ZX 8 8
W ldgquddad dibbhbubblbith u ICCCECECY GIXYXYYX X IZ3F X IZZ22222=2222 N"A\SSS Q."T-!TTT | o u “
- 8 § ] ] . [] § -
W ® & 2 ] . [] ] ] L] ] ¢ 0
& "".u EIFIIIIIT IIJIIIILIIITICNT FITIIIITY FAIIIDII IIITII I IIIIIIIIIIIT "nuununnu X "aaaaa ¥ "a "
- [ [] ] [ ] ]
[ o V] o ] ] (] 1 1 ] § L g 8

- e o

43



TABLE 1I11-

S OF THE LIRBAN AREAS

1 DEMOGRAPHYC CHARACTERISTIC

|

Wit [} L} [ ] [} ] [ I ]
13

(S]] ] ] ] [ ] ] [

O I OM-AMN D oI 1N 8 TFIACLOMP- O TN A DU NG Dot o § G-I 1 QN INC TN DN LD © 100 WCOIWedNA M O §
QA N Ov O NI ORI PONTe-mINCOw, ™ IR Qe WO NC IMIrCoe O -0 A~ CKEOCCT N0 O FINNNNAON DN I §
for} § ss s 0e0es0 o o) e s e v 0o o s o0 00000000 ¢ o s o0 o) s e s 00 ceserssnasoe sl s o s e avsaee o8 op
’“ "ﬂsgquﬂag—,cl ~ “25-\'-5365“-3“ S “6075320356 £ FOUNMIDE 0 IIIICINITIMIAANINIII "5!27‘“4 Vo o “5 ”

: ] ]

- s ] ] ] ] ] L . |
a Q-o..lo.oc-n.-.o..n.o.olo.CQQ.Q..oo..uo‘-ﬂoootnA..........Qoaonoi oF bs b0 b0 s 00 ey of
O IMEOINCOOO— i} HOMNOGOMv N ot 10 VO OMTLNODELIN O JINASIP O S~ AMT OO OD OGN T NN e § OMOTMAMNNINE-M 10§
QC IMNMEOms- O ION O N focannrodca & M IRRN NN IN IF foMcrm AIITIe-COoTOPrOrOIAOM N MO OCININ T o B B

O I ottt N OveaID N N N 0NN oD Vi I~ O 1N NN~ O -t TN O e - NN 0 O8O
oT e w N o) - ~ » <8 - " - - o - aln g
| el ' 4 ] ] [ tng
o ¢ [ ] [] [] ] ] L ]
- ) [} t t s ’ ¢

S-.-.--.-.-.R.o-.-o.-.._.\.-Q.-q......i...-. ARSI AR A T
CSWICMACMIraone O IK-LIINLLCT o IQra RN L N OG- CEM o O TIFCMIFCLOALMT I AL CNyIACLO « I3
O ) F el ICIN OMCI OO CUIT ST et OIS BRINOOFITIMOIN O 1T Dwi~ O IND etV T (Lo O0Iet CWPD s TRNIN eI O W IN D
cus O N e ) e o -~ w -0y I e L R U e -~ o0 - WD)
Lot W ] e g [} - B [} Ll ] Lo

-8 .8 s [] [} Y} [ ]

[ ] 1] 1} [ [ ] [ [ [d

[ [} [ ] L] 1] q an e

[ ] 3 1 [} ] [ . 0

- [ [ 3 9 o 1) o [} . ] o [ L 2] [ 3 ?

w8 - [] d [ ] - 13 -t [] - [ ] - 'tz

o 1 C W W L we W W W W [TV TV | w wWwio

- [} & a [ S ] a +t a 9 o » o 8

] [ <« «3 C - <3 - <) - a3 <« «alt -« -«

[~ ] . - o [ [ o | o -~ 3 w -0 C [ 8.1 N ]

w 2z x oz o r Ll wz wi [a 2 Ny Con 2z wit O Z ) x Z wIix

N O C —_— I Ll Ch-- [] - - P - a ] — e £ [ o - - 8 1

- 2 e X I ZCW 2220 ax s e C M Xt i o1 -0 Cul~ X0 8§ W> Wi w o Xix

Z VO o~ o CrZ D>ar war C 1O> <« C 2 o C1 wowe D) -“-Zo Z > O CIZXT= 0 W C QI

-« t 2=-0CK LD b 00+ dar- XD u I aZNOCED Wi Io+-— [TV | Z29 C WaZ =3 LG OadNZXX 2 st [ 4

[ ] L A~ OO0 - «C O 1DE>DTZum 80 i Cazga IXT e 8 Z2Z_IOZy ZOWCH - ITOCDOwW [ I

X IXI0AZr WL ZX IS A>T e S IAOOrCONEmWZE O I-CWWY 12 CiuX Ol =uZoooa JiwZoan«CZae I

O ICCIUR AN rU 2 ILOUZF AUl - [ ] CZ2Z2xad¥N-L <« IT-CZI0 AICHrUSTrraare-Thrh -« I 1S W Us X X - < fa i

IXOA~>0_100KY IONAXDLZOa Y » 82Z> - radQIZ2Z0CT - U020 - IC2ZW_I>IFIXZOWIDT - 10 _NUZ O 2TVX -1

I XX AawWCWCOr CIZXISCza-Clb C 1Zau. Caca- <l C ITarCh CEINari_CwarC =t OO ClaATtuawrwial- CICH

lacoLuoo™axrmO - LI (S I TUTRL N of T gy v P RTOLCEHY JX 00 - towzrTaC » 1CQULVLCT JIVTOO->C » [ Talll Sl 5 & ol £« YT

|||||||| - o o e e ||||nv.ll.‘l||llll'l'lllll'll'l'l'll|||||'|llll'lillll'll"|||||||'||"

[TV | 1] [ ] ] [ ] .

FOB Ao ) 8 Z22TRPZIZR T RO b B bt b it W WP 2R E 2 2 SITAXTIXIXXLITTILT L B0t btb bbbt ittt gt B 4

“!-’!ITI!IIIII 54 8 Bt St Bt B D i o B MIEFIXIXIIITY I IYXEINY I rcccocecececoecceccceceoc CIZXIXZTAXIXXX N" "
[ [} 1] [ 14 ]

@ 3 ] ] L] [] ] L I

"lllllll"l'll|"||'|||l|lIl..lllllll!l‘lllllllllli!l!llll!llll!l"flllllllll«' lllllllll

"n "sssggssss w "555555.\.—5.\.-\, AN E ol o CAT VAT o Tl T I T YT YV LYV ST Y NN a0 “5555555-\.55555_\.5 w ”ESSSS—\.SSS 4] "s "

. ]
['Y]. 3 } ] [ ] L} ] 1] 1) ]

T S o e e e e e e e s i S S . e e S i s v o s

44



————— B i fo— ——

LE III-

[ o] (YO | ] L [J 1 ] [ [ ]
“ M“ECE “CEECEE "c “EEC "EEEEEEECCEEEEEEEEEEEEEEEEEE “ [ ]
: [}
0 (S ] L} 1 [ ] ] i [ ]
AL o o o e s - A i e o e s G S . s . M . G Sl W S . W . S - PO Sl €7 ot S i e 2w e P e e 2 e S 00 2 e e S e st St B e
. CIOMIOC CIOTUINCGCT F I IO o ) OINCRINITCD O A S O3 AN T GO N w §3 §
<2 00 10NN A NCCUNTEM MICC CIICAC O ICACIN I ~ILAUMOO CMO »I 0 I DO C i [Tol B o |
< O §f o020 o 20 0000 e a8 oo e ¢ e s 6 9.8 060 06665 08 6080000000 OICEOCCTES of o
%thulxas 3"“u037‘7 ~ 0“323? AL 8 o tN TAANTUOUIN PO ITOU ST DN IO DO PO MR 3“3-
>3 - [ ] . [ ] [
= < 8 ] - ? L} [} . [ ] []
W O . a8 ¢ ¢ o8 0 0 s .88 o‘soﬁcqo.oo.nﬂbo..o-.nocoo;?.ooo.o.’ob?ooo.3-o-
X G oM NI ONIN O EINT w1 0O O § CNIOMINE I~ P NG 0 OGO G0 INND T S OO0 FaAM§
F GSIRALC L IIPCOLMC CI0 —I0AR0C T 0N OACINIO M OIS MO0 OE v C NG D00 ¢ I
(= S VERRRY B« .8 N,V O~ AT 8 UNMNO I N NMNL L - - - O O !
LW T8 ] n s - | - § - - - <« i
C r~~g [ ] 1§ [} ] B §
o 1 & [ [} [ ] [ ] 8
W = B [} [} L3 2 ] [ 3
r""i"""""""'Il"ll.""'l"l'l'l"""l"l‘."l’ll.'l!‘,' """"""""
~— P88 0™ P 30028500 "o 60 ° o ¢ 600 ° aF & 00308 ¢80 00068808080 00580606086008a"opoj
F  CligeMA I CALTICEL A M I JE N © ICOUACMemIMIPANI0 ~C LhRAMACMOE IS O §a §
) CAXIMO® O N-FICIN BT I INO M~ Clerepn O NN o= FIO M o0 T w3 OICT oS CITOICIN —NEI~ T T 8
- CCE - i M e el Nt B} N U [ 4} Lol o
O w—ayp L} [ 3 [ ] ] N
W ] ] [ ] L} [ ] | I
B e o e i . . 2 e e e e .t S S . . . D — T~ " o -~ S S ——— — " T s o T T~ o "o s . P T S S o s S e i o
(& ] [ ] § [ ] § [ [
.- [ ] [ ] [ ] ] ] iot
& [ ] [] ] . [l [ ] ] [ ] 13
<« o ] v [ ] o 3w ] ("4 [ ] o [} §
I [ ] < [ - § « [ ] « [ ] b 1Z 0
[ 4 8 W w W ot W L B TR PO ] b WweCcs
-« [ ] o a =3 O 3 ax 3 Ll o = =i
o [ ] < <« a 9t 494 <3 > «a <94 - < «€5CG
[l = $ = «. -8 =8 [ ol ¥. - a1l N ]
I W 1 X Z Nl w 2 BIRZ BNl 2 i i = ax o ~dZ i s
a N 1ITcua - 1€ 0 2w -ml 3} U = [ ] - I ZE» > -<a . - § [
< = J-Cud i <90 aioOm ol r & & -~ X 22 . X IZ L XX s
C Z peeD CIOF«g WO Cine C3 a ¢ C1 Q v O o Chl s 2w T IO
S «a £ U0 LiaE-X 0D LW IED Wl XD oulwg Z> LOr-a2 X200 XOr2«au <3 LBl
C o towre [T S IV 3TY] [ ] 12C BZZ2C0¢ NNNINZ CCLWL2<AaZZ2adY | [] 8
¥ @ § J o 212> OC>x utex Ut TX«aX S iubia3S 22 5aa W00 Jat; aaX O sy . _j8.J 8
w = -tk «Cif«ald Wh <C<iZb “AiFraiu QS -0 _ 0> 0Lho ¢ CgalC I <aia)p
(o] X2 HIrLXYXZIXY 10T I3 00T F imda<aD>0 1 X N DXMAOWE ZZRIXX JOQOT - 801
RC-- ClaqaC LI CI- CldaxT e CHIaITunaCa aalCas QO CaaIbid>arys- CIC 3§
vl B G IR UI20C 140 H 1 JCHC - 1dQa4dfCNOCWLOTI Y S IOTICA0NGO--—XIC - 00§
w8 1 . [ [J [ 1] [
FrCIgOOa Glddcaeddd <« 13T I IXNXYY 3 B0 DD 03I DO DT 0 I I I IO D § | §
A ldaad «8 S0 ) L VZZ ZAICCCC C Ittt e - o § “
> [} 1] ] [ [ ] [
o 1 [ ] ¥ L3 [} L} 1
|||||||||||||||||||||||||||||||||||||||||||||||| — —— - —— ——
£ AOIOLO0 WV IODLOLED © L OD 6"6666 B I COVOOLOVOPVOOODLLCL L LL 0 LO OGO 0LCOEG 6"5“
- filkt [ ] [ [
-~ Ltk 8 L} [ | [ ] . [} ]
—

T — - > = o — . — . T M G S . W W T S T e TS Gy oo, " ot . . —— T — — T ——— ——— ————— ———— . T—_——— — - 7__— = o . o

45



TAB%E II1I- 1 DEMOGRAPHYC CHAPAPTFRISTIFS 0F YHF IIRRAN ARFAS
| |
EBAISTATEI HRBANIZE” ARFA 1 1000 |1°70 POP| PP
RF G: 1 ' t.ACRES! tnon :AVE PD;CODE
- cTeace bt odedhdadid et bl T e lencone= wonecwe | moaw
71 TA ICFDAR RAPTDS T 13201 3.331° F
71 14 IDAVFNPQORT I 830 11421 22451 €
71 14 IDFS MOINES | T0.1 255,101 3X.h61 €
71 1A 1DUBIQUE I 12,1 hS,1 5,35 F
71 1A 1STAUX CITY ! LN 96,1 2.501 £
71 IA IWATFRLON i Y] 113,14 ?.561  E
7: T4 :OYHFR URBAN AREAS [ 2791 8&0,: 3.011
| ol |
7: 14 :THTAL FOR STATE b 536.! 16!5.; 3.011
ove l cueen hobrdntabedadal X A 1 T ¥ T PN Y Ay iy | o e mmewy cocenn [ coew
71 KS IkANsSAS cITy mETeA T TTERI, 274,01 4,981 F
71 X8 I1TNPF ] 34,1 132,101 3,891 ¢
Yt KS ldYCHITA ! 67 1 3624, 4,431 E
7: ¥8 ;OTHFQ URBAN ARFSS : 171,10 777.; 0.53;
W
7‘ K8 :T07AL FOR STATF 1. 32A,t 1URS ‘ a.s3=
wow | sneane bduhdeidnddt il Ll -.---']------—- reuenew | neee
T MO TCALIMBYLA | 27 .1 59,1 2,191 E
71 M0 IKANSAS CITY I 260, A28,1 3,181 E
71 MO O ISPRINGFIELD ! an ! 128,10 3,001 E
71 MO IST,IONSEPK | en i 7741 3,760 F
71 WA 18T, 0UIS 4 298 18R3 .1 6,381
7: MmN ;OTHFQ URRAN ARFAS | 67,1 310, 1 U.él:
t N
7:, Mn :THTAL FOR STATF : Tin0 1278.' 4-61: |
wow | anete | cewarcensnrre oo - |------—q wonovon | eese
71 NE ILINCOLN EEN 163, 4,601 £ i
71 NE TOMAMA | 97 . 492 .1 5091 E
7: NE :D7HFR URBAN AREAS | 5S4, 268.: 0.96: :
| I .
7: NE :TnYAL FOR STATF } 184, 1 9'3.: 0.96: :
oo | eaeeDe --.---u-------------!..---- | mvnamenn | eevene | owen
7: :TﬁTAL FOR RFGINN 7 175521 7291.: 0.15: }
oow | onenae u-------------u-----I----- |memsnrone | peovon | avae
Bl €N 1BNUIDFR ™ A9.1  T.700 E |
81 CO ICNLNRADN SPRTINMRS i BRI ens ., i 3.,56! E
A1 €N IDFNVFR | 182 t047,.1 5,581 € |
BRI €N IPUERLU ] L 103,101 S5.931 FE |
8! €N INTYHER URRAN ARFAS ! 6n, ! 313.: 5.19: :
! | | A
&l cn :THTAL FOR STATF ! 33= .1 1737.: 5.19: ;
eow | coewe hededddednd dal b R B o e P Oy R
Bl  MT IBYLI INGS ] 1741 7.0 G.111 E |
at MY IGREAT FALILS ! Ut 731 5.041 c i
BRI M7 :ﬂYHFR ERBAN APEAS ! %1.: 23 .: u.53: :
! I . .
81 MT ITATAL FNR STATF i 8P.1 372.: “.53: :
---'---.-'---.----------------!----- |memaneen | coranw | ceew
a1° ND IFARAN AT S4.1 5,511 ¢ |
81 ND IOTHER URBAN AREAS i 40.1 2?0 : §.§1: {
i ! | |
RI ND ITYNTAL FOR STATF [ 50.: 27u.: S.Rlz :
---,---.-!-----------.--------|----- L X L 2 % 1§ L L X 2 ¥ 3 - e m
81 8P I18STNDIIY FALLS | 172! 75.1 4,381 ¢ |
a; sn :OTHFR {IRBAN ARFAS : 5!.: 272, l 0.3“;; :
Bl 8D ITNTAL FNR STATF ! 6F:: 297, : 4o34) !
---I-----l--u---------.-------I-----‘ menorern | swvocon |l ewew
t o UuY 1a6DFN ! 39,1 i50.1 3.R41 E |
gl Uy 1PROVN 1 42 .1 104 ,1 2,501 E |
& UY 18ALY LAKE CYITY 1 118 .1 479 1 4,071 c |
al UT 10OTHFR URBAN ARFAS : 33.: 1?1.: 3.69: :
i i
&1 UT |TNTAL FOR STATF : 231.: 854, ' 3.6@{ :
--.'-----'----.--.-----.-----. "o ae ey -------q wamwwmw | awow
81 wY IUPRAN AREAS i 49, ?01 4,081 E
! | l |
&1 WY :THTAL FOR STATE : as, i ?ﬂl 4, 05: |
---’----- L dbedh A X X TR TR R R ey LA K A K ¥'Y L N T X X J LA L A A X N I X ¥ i
81 :TﬁTAL FOR RFGYON 8 : Bi6. l 3735, ' 4, SB: :
-ﬂ-‘-ﬂ_-. ----.----..--------- - . LA A X X 2 2 X 3 L X A K X X ] -t e oy

46



. T LI
s tMuV »

39¢ 0O 0 VOO D DOEO VOO0ODOOVOOVCOLODOVOOL O VOOE O O1F O) w

L)
-

aaaal o o-ag
S0Ccce

g ag o aaaage
B SQC O D

[
9049

- —— s o S S — ) A ——— — T —— —— —~ " - —— — - ——— —— " o " T —— —— o — —— . ——  —_ - G T —— A " A — . . > > o —

M

III-—l DEMNGRAPHYC CHAPA(‘TFRIQTIPS OF THE 1JRRAN AREA§

i

TATEI HQBANI?ED ARF A I 1000 I1970 POP' PP l
10 ' : AFRFS: 1000 !AVE DD:CODE:
AK " 1URBAN AREAS ':' a3'| "137'l"5-03:- E i
AK :TnTAL FOR STATF : 49, l 147.1 2.99: :
woenvs | eervoesvavncsnenvronre | onsnag i nennnery | cnerew | coww|
AZ°IPUOENTX YN Bh3.1 3.481 € |
7 ITUCSON 1 67 o 294, 4,381 C |
,AZ :nTHFR URBAN AREAS | bR | 251,01 3,671 |

. P { ] ]

A2 :YHTAL FOR STATE : 384, 1aoa.: 3.67:
€A IBAKERSFIELD T 176.1 4.R21 F |
CA IFRESQND | 51,1 2h3.1 5,200 E 1
€A 1LNS ANGELFS 1 100A.) a3s51 1 R,201 E |
€4 INANFSTA ] 22.1 106,11 4.,R7Y E |
CA 1DYNARD ] T72.1 245,10 3,421 E |
CA 1SACRAMENTN I 1561 63U, 1 4,061 € |
CA 13ALTNAS f 10,1 62.1 6,461 E |
CA 1SAN RERNANDINN | 19”7} S84, 2,941  E |
CA ISAN DIEGOD I 2441 1$QB.| 4,991 E |
CA 1SAN FRANCTSCN bo43a1 2988.1 4.1 C |
CA YSAN JNSE bo-377010 1025, 5,781 E |
CA VSANTA RARRADA { 24, 130.1 5,491 E |
€A ISANTA RQOSA ] 24,0 75,1 3,081 E |
CA ISEASINDF | 15,1 93 .1 h N5 F. |
€A 1STMY VALLFY | 1AL 57.1 3,561 E |
CA ISTNPKTON | 30! 160,101 5,321 E |
CA IDTHFR URRAN ARFASR : 311.: 1995, | 6.01: :
CA ;TGTAL FOR STATF : 2nan.: tR142, s.a1: =
WI IHANALULG T ra 4521 64011 F |
W =OTHER URBAN ARFAS ] 37,4 196, 6.01: :

] ] .

MY :THTAL FOR STATF | 106.: 638, 6.01: :
NV ILAS VEGAQ i 771 237. 3,061 E |
NV - | 24 41 10C, 4,111 c |
NV :nrnra URBAN APFAS : 1n.: 59 3.31= }
NV :THTAL FOR STATE : 120.: 396.' 3.31: :
.--’-;;F\TxL FER'EEE?SE"q':'sua;T: 20731.1 5,951 !
10 |nTHrn URBAN APFAS : 66.: 362, a.sa: :
10 :TﬂTAL FOR STATE : e=$: 3#7.' a.ss: ’
.-ap-'Ens;ign------..-----,- ;E:' - - ;q;' 3.95' E '
OR |PARTLAND | 17141 25.1 4,831 C |
NR ISALEM i 24 .| 93,1 3,931 E |
nrR :ﬂTHFR URBAN APFAS : 7:,: 346, | a.so:‘ ‘
nR :TﬁTAL FNR STATE : 305;: 1403, u.eo: :
..;:-'S;A;;EE--- - ----'- 265:| 1238" 0.68' c '
WA | SPOKANE { So . 2301 4,611 E |
WA ITACNMA | 83,1 332.1 4,021 E I
wA.;nTHFR U/RBAN AREAS : 1a9.= 675.1 a.sa; :
WA :THTAL FNR STATE : Sth: 2475, u.Su;' ;
wee ':?nri[ FOR RFGINN To':f 935" 1265, 1" 4,56 !
:::-:|::~:::::::-::::.-q-:I:----'I------- wowaam | awew |
ITATAL FOR THE 1j.S. 1P9037.1 149366, 5,141 i

--..-'----.-----.--—------'------l-------wl------'----'

47



maps were unavailable. These photos presented a problem, in that

they were taken at altitudes (1.6 miles or 2.6 km, approximately)

that made differentiating among land uses difficult. The percentage

of the land use in each of these five categories is shown in Table

IITI-2, Land Use Distributions in Nine Ontario Cities. Note that, with
the exception of West Toronto which has a very high average population
density (40.1 persons per acre or 99 persons per ha), a large percent of
the "urbanized" area falls in the open space category. This large amount
of open space results from the definition of urbanized areas which includes
population densities as low as one person per acre (2.5 persons per ha).
Thus, this definition includes significant acreages of land which are
undeveloped and would not be served by sewerage systems.

Manvel et al. present data on land use in 106 US cities.3 Analysis of
these data indicates that the proportion of the urbanized area in each
land use category was relatively similar after deducting for the pro-~

" portion of the urbanized area which is in the "undeveloped" category.
This category is deducted from the total urbanized area to obtain the
developed portion of the urbanized area. Figure III-2, Percent
Undeveloped Land Use (US) and Open Space Land Use (Ontario) vs Population
Density, shows the percent undeveloped land as a function of population
density for the US cities and the percent open land for the Ontario cities.
The "open' category would include undeveloped land and developed open
space land, e.g., parks. As can be seen from Figure III-2, the Ontario
cities generally fall above the line of best fit for the US undeveloped
land. This result appears reasonable since the "open space' category
would include the "undeveloped" land. Thus, it seemed reasonable to

use the US equation to estimate the percent of the urbanized area which
is undeveloped, i.e.,

7 = 1.0 o—0-170(2D)

(r = -0.57) (I1I-1)

where z proportion undeveloped land,

PD average gross (developed and undeveloped)

population density, persons per acre, and

il

ba correlation coefficient (-1.0 <r <1.0).
Using this relationship, then the developed population density, PD,, can
be expressed as a function of the 8ross population density using

PD__ PD e0.17PD

d " T2y - [0.178D_ (ITI-2)

PD
1
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percent at PD 0.
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Equation III-2 is shown in Figure III-3, Relationship Between Gross
and Developed Population Density. Note that the developed population
density is about six persons per acre at the lowest level of urbani-
zation (one person per acre). The developed population density
approaches the gross population density as PD increases. Indeed, they
are quite close at PD > 25 persons per acre (62 persons per ha).

After correcting for the percent undeveloped, the proportion of the
land in the developed uses was determined as a percent of deyeloped
urban land only. After this transformation was made, the percent of
land in the developed uses was statistically independent of population
density. The resultant distribution of developed land by use and
undeveloped land is shown in Table III-3, Distribution of Developed
Land Uses in Ontario Test Cities and US Cities. Note the similarity of
the Ontario and US land use distributions.

The land distributions for all US cities are determined using equation
-ITI-1 and the US land use distributions shown in Table III-3. The
results are presented in Table III~4, Land Use Distribution for the Urban
Areas in the United States. In determining the control costs, only the
developed portion of the urbanized area is considered. Thus, it is
important to check the validity of this assumption in future assessments.
Actual field data need to be gathered and analyzed using a consistent

set of assumptions regarding land use categories.

Table III-3. DISTRIBUTION OF DEVELOPED LAND USES IN ONTARIO TEST CITIES
AND US CITIES

% of Total

Land Use Ontariob ‘Us
Residential 52.5 58.4
Commercial 9.0 8.6
Industrial 14.1 ‘ 14.8
Other? 244 18.2

a . .
Recreational, schools and colleges, and cemeteries.

bAmerican'Public Works Association and University of Florida,
"Evaluation of the Magnitude and Significance of Pollution Loading
from Urban Stormwater Runoff - Ontario," Environmental Protection Ser-
vice and Ontario Ministry of Environment, Toronto, 1976. -
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. POPULATION AND AREA SERVED BY TYPE OF SEWER SYSTEM

Combined Sewers

Two data sources were used to determine the estimated population served
by combined sewers for the 50 metropolitan areas studied in detail.
Population and area estimates were taken from a 1968 Inventory of Muni-
cipal Waste Facilities, done by USEPA.“ The inventory lists contributory
population to each treatment facility and identifies those facilities
served in whole or in part by combined sewers.

The second source of data was a 1967 inventory conducted by the APWA

for USEPA of local authorities with combined sewer systems.® For that
survey, personal interviews were conducted at over 640 authorities which
were selected. Where large variations were evident, the local City
Engineer was asked to verify the population estimate. In all cases, the
population thus obtained was approximately the same as the APWA estimate -
indicating that the 1968 inventory figures were for the total contributory
to the facility.

The population estimate which was used consisted of the APWA survey for
each city with data and the total population given by the 1968 inventory
for cities not surveyed by APWA with a population less than 25,000. Thus,
the total used may be somewhat larger than the actual. :

Area served by combined sewers was Projected at the same population
density as for the core cities for which data were available. This
would underestimate the total area if the correct population estimate
was available, but is compensated for by the overpopulation estimate.
If the calculated population density for the combined sewered areas
was less than the storm sewer population density, then the two densi-
ties were equated by adjusting the area served by combined sewers.

The above results permit determination of the proportion of the urban
area served by combined sewers. These results are extrapolated to

the state level by assuming that the population and area served by com-
bined sewers is the same for the rest of the state.

Separately Sewered and Unsewered Areas

Information was obtained regarding the population density distributions
of the fifty cities.® Using these data, the census tracts were ranked
by population density and grouped into five categories ranging from
lowest density to highest density. A histogram for the City of

Albany, New York, is shown in Figure III-4, Population Density Distri-
bution of Albany, New York.

An equation of the form

PD

ax (I11-3)
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'POPULATION DENSITY,

persons /acre -

O . v . ' : l N} V" l ‘I I
0 20 40 60 80

9% OF URBANIZED AREA

Figure III-4, Population Density Distribution of
Albany, New York
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where PD = gross population density, persons per acre
(D > 0),
X = percent of urbanized area (0 < x < 100), and
a,b = parameters,

was fit to these data. The average population demsity in any interval,
Xy to XZ’ is

)
P =L ] . axPdx. (I11-4)
175 XXy 1

To calibrate the overall average population density with the calculated
population density, an approximate value of x., was found such that

prl—loo = PD ;.- For example, for Albany,

PD = 108 x 0-933 (III-5)

and the actual average population density is 5.03 persons per acre
(12.4 persons per ha). Thus,

‘IJOO
- 1 -0.933
5.03 = lOOfxl x, 108 x dx. (I11-6)

This equation is solved to find x. . To calibrate the oyerall average
population density with the calcu}ated population density, for the

other 198 cities, values of b were assigned based on their similarity

to the five test cities. A value of x. = 2 was used to avoid insta-
bility problems. Then, a was calculated such that the average population
density, PDy_100° 18

00
1 b 9y
PDy_100 = 100-2 J, * dx, (II1-7)

or

- 98 PD(I¥b)
100(1) _, (T+b)

(I11-8)
Thus, the final equation for gross population density is

PD = axb with X <x < 100. (I11-9)
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Given the equation in the form PD = axb, one can find the average population
density, the proportion of the population within certain densities and so
forth.

The method for determining which of the 50 cities would be selected for

the city in question was as follows. All 50 cities were divided into their
respective USEPA regions. The mean and standard deviation of the population,
land area, and population density were determined. Then a range of
acceptable values was found for these parameters within each USEPA region.

For each city in question, two approaches were used in selecting the
appropriate reference test city. First, all test cities in the same USEPA
region as the city in question that fell within the described range were
listed. Second, those test cities outside the respective USEPA region

that fell within 10 percent of the mean values for the parameters of the city
in question were listed. The order of priority in selecting the reference
test city was as follows:

1. proximity of population density and land area
in same USEPA region; and

2. proximity of population density and land area
outside USEPA region.

In selecting the '"best" reference test city, location and land area
were the dominant factors because they have a definite influence on
population density. Similar location implies that the city in ques-
tion would probably have developed at the same time and have been
influenced by similar national population shifts, manufacturing tech-
nologies, urban growth patterns, etc. Land area was chosen simply
because population density is a function of the size of the urbanized
area. For the above reasons, the majority of the cities in question
were referenced to a test city outside their respective USEPA region.

The population density function, PD = axb, is given in terms of the
total urbanized area. Thus, it needs to be modified to integrate
over only the developed portion of the urban area as shown in Figure
III-5, Characterization of Population Density in Urban Areas. In
order for the area under the two curves to be equal, one must have
that

100 100(1-2)
I axbdx = f a ’xbdx (I11-10)
or
a” = a[1001+®) _ xl(l+b)]/[(100(1~2))(1+b) - xl(l+b)1. (ITI-11)
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Then,

.. b
PD, = a’x; , (II1-12)

where PDd population density in developed portion of
the urban area,

[0
I

adjusted coefficient from equation ITI-11, and

1 calibrated lower limit on percent urbanized area.

bl
[

The percent of the urban area which is sewered is known for the nine Ontario
cities. Computing the corresponding PD, for seven of the cities resulted

in the values shown in Table III-5, Minimum Population Density for Sewered
Portion of Seven Urbanized Areas in Ontario. Guelph and West Toronto

were considered extreme values and not entered into Table III-5. Based on
these data, a cutoff minimum developed population density of five persons
per acre (12.4 persons per ha) was used to delineate the sewered part of

the urban area. Solving equation III-12 for X, yields

x, = min [(5/0)7/P, 1000-2)] C(ITI-13)

where X, = percent of the urban area which is sewered.

Knowing the percent of the urbanized area which is undeveloped, i.e.,
100Z, the combined sewered area from the survey data and the

percent of the urban area which is sewered, x,, then the other sewered
and unsewered developed areas can be calculatéd as residuals. The cal-
culation procedure is summarized below:

Sewered Areas as a Percentage of Total Urbanized Area

1. Undeveloped Area = 100(Z) = X

2. Sewered Area = x2

3. Combined Sewer Area = X, from APWA data

4.,  Storm Sewer Area = X, = xC

5. UnseweredyDeveloped Area = 100 - X, " %y
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Table III-5. MINIMUM . POPULATION DENSITY FOR SEWERED PORTION OF
SEVEN URBANIZED AREAS IN ONTARIOZ2

Minimum Sewered Population Density, .PD

City (persons/acre) (persons/ha) d

Burlington 3.93 9.7
Kingston 7.28 18.0
Kitchener ' 4.49 11.1
St. Catharines 5.79 14.3
Sault Ste. Marie 4.67 | 11.5
Thunder Bay 6.12 15.1
Windsor 3.87 9.6

Average of 7 cities ;TEE- I;Tg

The results of these calculations are shown in Table ITI-6, Land Use by
Type of Sewerage System. '

The population served by combined Sewerage systems is estimated directly
from the APWA data. Combined sewers are found in the older and
typically more densely populated portions of the urbanized areas. This
fact suggests that a good approximation of the population would be ob-
tained by assuming that the higher density areas are combined. The

next highest density is served by storm sewers and the lowest densities
are unsewered. Thus, the population served by type of sewer system is
calculated as shown below:

Population Served by Type of Sewerage System

1. Combined Sewers (Pc):

Pc = APWA estimate
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2. Storm Sewers (Ps):

X
A 2 b
PS = 100 a’x dx - PC (I11-14)
X1
3. Unsewered (Pu):
P =P -P ~-P (II1-15)
u c I ;

where A = total acreage of urbanized area, and

P = total population of urbanized area.

The resulting population by type of sewerage system is shown in Table
II1-7, Population by Type of Sewerage System. The population densities
by type of sewer system are shown in Table ITI-8, Developed Population
Density by Type of Sewerage System. Lastly, the values of the coeffi-
cients used in the above calculations are shown in Table III-9, Values
of Coefficients.
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ABBREVIATIONS AND SYMBOLS

a

-

a

Coefficient

Adjusted coefficient

Total area of urbanized area, acres

Coefficient |

Urban area with computed population density
Urban area with estimated population density
Population of urbanized area

Population served by combined sewer system, persons
Population served by storm sewer system, persons
Unsewered population, persons

Gross population density, persons per acre

Average population density in interval from Xy to Xy,
persons per acre

Calculated average population density, persons per acre

Population density in developed portion of urban area,
persons per acre

Correlation coefficient
Percent of urbanized area

Calibrated lower limit on x such that average PD corresponds
to the integrated average PD

Calibrated upper limit on x such that average PD corresponds
to the integrated average PD and percent of urban area which
is sewered

Combined sewer area as percent of urbanized area

Undeveloped area as percent of urbanized area

Proportion undeveloped area
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